The form and function of the Golgi apparatus are tightly linked. Proteins destined for secretion are modified in the stacked Golgi cisternae, yet the mechanisms that generate this elaborate structure remain mysterious. An in vitro assay to identify factors involved in Golgi assembly led to the identification of mammalian GRASP65, which became the founding member of the GRASP (Golgi reassembly stacking protein) family of peripheral membrane proteins (Lowe and Barr, 2007) . GRASP65 localizes to pre-Golgi and early Golgi compartments, and GRASP55-the other GRASP in mammalian cells-localizes to the medial Golgi. GRASPs are widely conserved in eukaryotes. For example, the fruit fly Drosophila melanogaster and the yeast Saccharomyces cerevisiae contain GRASP65 orthologs called dGRASP and Grh1, respectively (Kondylis et al., 2005; Behnia et al., 2007) .
GRASPs are important for the normal structure and operation of the Golgi, but little is known about their biochemical activity. To address this question, Kinseth et al. (2007) examined the GRASP homolog in the slime mold Dictyostelium discoideum.
Earlier studies in several organisms analyzed the role of GRASPs in Golgi architecture. Mammalian GRASP65 forms a complex with its partner protein GM130, which interacts in turn with the vesicle tethering protein p115 (Lowe and Barr, 2007) . This finding plus the ability of GRASP65 to form oligomers are potentially consistent with a role for this protein in tethering adjacent cisternae (Wang et al., 2003) . However, it is likely that GRASPs do not act primarily as Golgi stacking factors. S. cerevisiae and the malaria parasite Plasmodium falciparum have nonstacked Golgi cisternae and yet contain GRASPs, whereas higher plant cells contain Golgi stacks but lack obvious GRASP homologs. Moreover, GRASP depletion fails to inhibit secretion and has only modest effects on Golgi structure (Kondylis et al., 2005; Sütterlin et al., 2005) , although depletion of GRASP65 or GM130 disrupts the lateral connections between mammalian Golgi stacks (Puthenveedu et al., 2006) . Yeast Grh1 is not essential for viability, but it interacts physically with components of ER-derived COPII vesicles, and it interacts genetically with proteins involved in COPII vesicle tethering and fusion (Behnia et al., 2007) . These studies led to the hypothesis that GRASPs help to mediate homotypic fusion events that generate early Golgi compartments (Puthenveedu et al., 2006; Behnia et al., 2007) . In addition, GRASP65 and GRASP55 interact with the cytosolic tails of several proteins that either cycle between the ER and Golgi or transit through the Golgi en route to the cell surface (Barr et al., 2001) . The combined data indicate that GRASPs are not generally required for secretion but have incompletely understood roles in the dynamics of membrane compartments and in protein transport in the early secretory pathway.
Meanwhile, it has become clear that GRASPs also have connections to other cellular processes. In mammalian cells undergoing mitosis, GRASP65 is phosphorylated by the Cdk1-cyclin B kinase (Lowe and Barr, 2007) , whereas GRASP55 is phosphorylated in a pathway involving mitogen-activated protein kinase kinase 1 (MEK1) (Feinstein and Linstedt, 2007) . These phosphorylation events modify the biochemical and functional properties of the GRASPs and contribute to mitotic Golgi fragmentation. Perturbing GRASP65 activity inhibits Golgi fragmentation at the G 2 /M transition, and this lack of Golgi breakdown prevents cells from progressing through mitosis (Sütterlin et al., 2005) . In addition to being a target during mitosis, GRASP65 seems to be a platform for the binding of regulatory kinases during both interphase and mitosis (Lowe and Barr, 2007) .
These disparate lines of evidence can be integrated by proposing that GRASPs perform a conserved nonessential function in the mechanics of the secretory pathway and that mammalian GRASPs have evolved additional regulatory roles that are more vital for cell survival. From this perspective, in order to understand why mammalian cells use GRASPs as regulators, we will need to elucidate the conserved function of these proteins. Kinseth et al. (2007) provide an important step in this direction. The authors chose Dictyostelium discoideum-which has a single GRASP homolog GrpA-as a genetically tractable system for studying GRASP function. Targeted gene disruption revealed that a GrpA-deficient strain grows at wild-type rates and exhibits normal trafficking of several secretory and lysosomal proteins. Although the Dictyostelium Golgi is hard to detect by electron microscopy, this organelle can be seen by fluorescence microscopy, and its gross structure is unperturbed in GrpA-deficient cells. On the other hand, GrpA-deficient cells are defective in producing viable spores. In a remarkable piece of detective work, the authors traced this defect to a strong block in secretion of the acyl-CoA binding protein AcbA, which is cleaved outside the cell to produce a spore differentiation factor. AcbA lacks a conventional secretory signal sequence and, in GrpA-deficient cells AcbA accumulates in the cytoplasm. Therefore, at least in Dictyostelium, GRASP is not generally required for the activity of the Golgi in conventional secretion but, instead, is required for an unconventional secretory pathway. This new twist on GRASP function may extend to other eukaryotes. Recent work indicates that at specific times of Drosophila development, dGRASP may help to mediate the unconventional secretion of certain plasma membrane proteins (Catherine Rabouille, personal communication). It is possible that GRASPs also play a role in the unconventional secretion of biomedically relevant mammalian proteins including fibroblast growth factor-2, galectins, and cytokines (Nickel, 2005) .
How can we make sense of the finding that Golgi-localized GrpA strongly affects a secretion pathway that does not directly involve the Golgi? Further progress will require a better under- The figure shows a hypothetical pathway for unconventional secretion in Dictyostelium. Cytosolic AcbA is packaged into the internal vesicles of multivesicular bodies (MVBs), which subsequently fuse with the plasma membrane to release exosomes containing AcbA. Shown are two possible roles for GrpA in this pathway. (A) GrpA shuttles through the cytosol between the Golgi and the plasma membrane and has distinct functions at the two locations. At the plasma membrane, GrpA acts as part of the MVB fusion machinery. (B) GrpA functions exclusively at the Golgi, where it is required for the biosynthetic transport of a select set of cargo molecules. One such cargo molecule is a plasma membrane protein required for MVB fusion.
Obesity is becoming so prevalent in Western populations that it may already be adversely affecting mortality rates (Adams et al., 2006) . It is a disorder of energy metabolism that predisposes to diabetes, hypertension, and hyperlipidemia, diseases characterized by insulin resistance and complicated by atherosclerosis (Semenkovich, 2006) . Availability of nutrient-dense food and the acceptance of exercise as optional may explain why adiposity is increasing in populations. Yet, there is a limited understanding of the striking differences between individuals in metabolic rate and susceptibility to obesity-associated disease. Once obesity is established, therapies are seldom successful. Treatment is focused on manifestations such as elevated blood sugar, blood pressure, and cholesterol, instead of the underlying disorder of energy metabolism.
